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Foreword

08:2012(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft Internation

al Standards

adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an

Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Attention is drawn to the possibility that some of the elements of this document may'be the sub

rights

ISO
SC5

This $econd edition cancels and replaces the first edition (ISO 12108:2002), which has been techni

. ISO shall not be held responsible for identifying any or all such patent rights.

2108 was prepared by Technical Committee ISO/TC 164, Mechanical.testing of metals, S
Fatigue testing.

ect of patent

Lbcommittee

cally revised.
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Introduction

This International Standard is intended to provide specifications for generation of fatigue crack growth rate
data. Test results are expressed in terms of the fatigue crack growth rate as a function of crack-tip stress-
intensity factor range, AK, as defined by the theory of linear elastic fracture mechanics ['I-[6]. Expressed in
these terms the results characterize a material’s resistance to subcritical crack extension under cyclic force test
conditions. This resistance is independent of specimen planar geometry and thickness, within the limitations
specified in Clause 6. All values are given in S| units [7].

This International Standard describes a method of subjecting a precracked notched specimen to a cyclic force.

The crack le

ngth, o, is measured as a function of the number of elapsed force cycles N_From the coll

octed

crack length
and is expre{

Materials thg
the material

Specimen si
are presente
geometry, cd

Specimen sij
intensity fact
limits, so lon

Any alternatg¢ specimen configuration other than those included in this*International Standard may be

provided the
geometry fur

Residual st
environment
reflected in t

included as part of the test report. All other demargations from this method should be noted as exceptid

this practice

For crack grq
for a given Af
in the da/dN

da/dN versus

Service cond

more represgntative than data/generated under conditions of constant force ratio; however, these alternat

procedures 3

and corresponding force cycles relationship the fatigue crack growth rate, da /dN, is detérr]
bsed as a function of stress-intensity factor range, AK.

t can be tested by this method are limited by size, thickness and strength only totthe exten
must remain predominantly in an elastic condition during testing and that buckling-is preclud

ve may vary over a wide range. Proportional planar dimensions for six standard configurg
d. The choice of a particular specimen configuration may be dictated-by-the actual comp
mpression test conditions or suitability for a particular test environment;

pr applied during test. Specimen thickness may vary independent of the planar size, within dqg
h as large-scale yielding is precluded and out-of-plane distortion or buckling is not encount

Fe exists an established stress-intensity factor calibration expression, i.e. stress-intensity 1
ction, g (/). [OM11]

essesl12L13] crack closurel'4[15]  specimen; thickness, cyclic waveform, frequency
including temperature, may markedly affect the fatigue crack growth data but are in ng
e computation of AK, and so should be recognized in the interpretation of the test results a

n the final report.

K can be in the order of a factar of twol'6l. For crack growth rates below 10-5 mm/cycle, the s

AK behaviour, a replicate test conducted with the same test parameters is highly recomme

itions may exist Wihere varying AK under conditions of constant Kmax or Kmean control [1771'm

re beyond the.scope of this International Standard.

nined

t that

ed.

tions
bnent

e is a variable that is subjective to the test material’s 0,2 % proof sirength and the maximum s{ress-

fined
ered.
Lised,
actor

and
way
nd be
ns to

wth rates above 102 mm/cycle, the typical scatter in test results generated in a single laboratory

catter

talculation may increase to a factor of 5 or more. To ensure the correct description of the matgrial’s

hded.

By be
e test

\Y
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Metallic materials — Fatigue testing — Fatigue crack growth
method

1 Scope

This International Standard describes tests for determining the fatigue crack growth rate from the fatigue crack

grow h threshold stressaintensitv factar ranae AKX tothe onset of ranid unstahle fracture
J To7 Ty e

This |International Standard is primarily intended for use in evaluating isotropic metallic, majerials under
predgminantly linear-elastic stress conditions and with force applied only perpendicular)to’ the crack plane
(modg | stress condition), and with a constant stress ratio, R.

2 Normative references

The following normative referenced documents are indispensable for the“application of this dgocument. For
dated references, only the edition cited applies. For undated references) the latest edition of the referenced
document (including any amendments) applies.

ISO 4965-1, Metallic materials — Dynamic force calibration for uniaxial fatigue testing — Part 1: Testing systems

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31
crack length
a
linear measure of a principal planar dimension of a crack from a reference plane to the crack tip

NOTH This is also called crack.size.

3.2
cycle
N
smallest segment of@force-time or stress-time function which is repeated periodically

NOTH The terms “fatigue cycle”, “force cycle” and “stress cycle” are used interchangeably. The lettgr N is used to
repregent the number of elapsed force cycles.

3.3
fatigpecrack growth rate
daldN

extension in crack length

3.4
maximum force

Fmax
force having the highest algebraic value in the cycle; a tensile force being positive and a compressive force

being negative

3.5

minimum force

Frin

force having the lowest algebraic value in the cycle; a tensile force being positive and a compressive force
being negative

© 1S0O 2012 — All rights reserved 1
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3.6
force range
AF

the algebraic difference between the maximum and minimum forces in a cycle

AF = Frnax — Fmin

o of the minimum force to maximum force in a cycle

3.7

force ratio

R

algebraic rat
R = Fmin

NOTE 1 R

NOTE 2 R

3.8

stress-inten
K

maghnitude of
linear-elastic]
the body per

NOTE TH
3.9
maximum s
Kmax

Fmax

s also called the stress ratio.

May also be calculated using the values of stress-intensity factors; R = Kmin/Kmax-

sity factor

the ideal crack-tip stress field for the opening mode force appligation to a crack in a homogen
ally stressed body, where the opening mode of a crack corr€sponds to the force being appl
pbendicular to the crack faces only (mode I)

e stress-intensity factor is a function of applied force, crackiength, specimen size and geometry.

fress-intensity factor

highest algebraic value of the stress-intensity factor in"aCycle, corresponding to Fmax and current crack |

3.10
minimum st
Kmin
lowest algeb

NOTE TH
force ratio (R

3.1
stress-inten
AK

ress-intensity factor

0), there is an alternate;;commonly used definition for the minimum stress-intensity factor, Kmin = 0. Se

sity factor range

raic value of the stress-intefisity factor in a cycle, corresponding to Frmin and current crack lg

is definition remains the §ame, regardless of the minimum force being tensile or compressive. For a ne

Bous,
ed to

ength

ngth

pative
b 3.11.

algebraic differencesbetween the maximum and minimum stress-intensity factors in a cycle
AK = Kmax=Kmin
NOTE 1 The force variables AK, R and Kmax are related as follows: AK = (1 — R) Kmax-

NOTE 2

NOTE 3

For R <0 conditions, see 3.10 and 10.6.

beneficial to plot the da/dN data versus Kmax.

312
fatigue crac
AKth

k growth threshold stress-intensity factor range

asymptotic value of AK for which da/dN approaches zero

NOTE

When comparing data developed under R < 0 conditions with data developed under R > 0 conditions, it may be

For most materials, the threshold is defined as the stress-intensity factor range corresponding to 10-8 mm/cycle.

When reporting AKn, the corresponding lowest decade of da/dN data used in its determination should also be included.

2
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normalized K-gradient
C=(1/K) dKlda
fractional rate of change of K with increased crack length, a

C =1/K (dK/da) = 1/Kmax (dKmax/da) = 1/Kmin (dKmin/da) = 1/AK (dAK/da)

3.14

K-decreasing test
test in which the value of the normalized K-gradient, C, is negative

NOTH
a seri

315
K-ind
testi

NOTH
positi

3.16

A K-decreasing test is conducted by reducing the stress-intensity factor either by continuously
bs of steps, as the crack grows.

reasing test
N which the value of C is positive

For standard specimens, a constant force amplitude results in a K-increasing test where thq
e and increasing.

stregs-intensity factor geometry function

g (a/I
math
inten

317
crac

dcor

differ]
spec

318
fatig

Afat
lengt

NOTH

3.19
notc
dn

lengt

NOTH

)

ematical expression, based on experimental, numerical\or analytical results, that relate
ity factor to force and crack length for a specific specimén configuration

kK-front curvature correction length

ence between the average through-thickpess crack length and the corresponding crack
men faces during the test

he crack length

h of the fatigue crack, as measured from the root of the machined notch

See Figure 12.

h length

h of the Mmachined notch, as measured from the load line to the notch root

See Figure 12.

thedding or by

value of C is

5 the stress-

ength at the

4 Symbols and abbreviated terms

4.1

Symbols

See Table 1.

© 18O
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Table 1 — Symbols and their designations

Symbol Designation Unit
Loading
C Normalized K-gradient mm-"
E Tensile modulus of elasticity MPa
F Force kN
Fmax Maximum force kN
Fmin Minimum force kN
AF Force range KN
K Stress-intensity factor MPa‘m1/2
Kmax Maximum stress-intensity factor MPa-n|11/2
Kmin Minimum stress-intensity factor MPa-n|11/2
AK Stress-intensity factor range MPa-m1/2
AK; Initial stress-intensity factor range MPa-m|/2
AKih Fatigue crack growth threshold stress-intensity factor range MPa-m1/2
N Number of cycles 1
R Force ratio or stress ratio 1
Rm Ultimate tensile strength at the test temperature Man
Rpo,2 0,2 % proof strength at the test temperature MP&
Geometry
a Crack length or size measured from the referénce plane to the crack tip miy
dcor Crack-front curvature correction length mm
afat Fatigue crack length measured from the’notch root mm
an Machined notch length mm
ap Precrack length mm
B Specimen thickness miy
D Hole_diameter for CT, SENT or CCT specimen, loading tup diameter for bend mn
specimens
glalw) Stress-intensity, fagtor geometry function 1
h Notch height mm
w Specimenwvidth, distance from reference plane to edge of specimen mm
(W-a) Minimum* uncracked ligament mm
Crack growth
da/dN Fatigue crack growth rate mm/cycle
Aa Change In crack length, crack extension mm

4.2 Abbreviated terms for specimen identification

CT Compact tension

CCT Centre cracked tension

SENT Single edge notch tension

SEN B3 Three-point single edge notch bend

4 © 1S0 2012 — All rights reserved
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B4 Four-point single edge notch bend

B8 Eight-point single edge notch bend

5 Apparatus

5.1

5.1.1

Testing machine

General

The {
See |
be he
the d

5.1.2

It is important that adequate attention be given to alignment of the testing magchine and during m

insta

For t
rotati

Asyn
unde|
and/dq

5.1.3

Accu
for th
shall

indicated force, as recorded as the utput from the computer in an automated system or from th

recof
force
than

The f{
full s
and

meagq

5.2

esting machine shall have smooth start-up and a backlash-free force train if passing throug
SO 4965-1. Cycle to cycle variation of the peak force during precracking shall be less than=+
Id to within £ 2 % of the desired peak force during the test. AF shall also be maintairtedto w
esired range during test. A practical overview of test machines and instrumentatien’is availg

Testing machine alignment

lation of the grips in the testing machine.

bnsion-compression testing, the length of the force train should‘be as short and stiff as pn
hg joints should be used to minimize off-axis motion.

metry of the crack front is an indication of misalignment; @'strain gauged specimen similar to t
[ investigation can be used in aligning the force trajn.@nd to minimize nonsymmetrical streg
r bending strain to less than 5 %.

Force measuring system

racy of the force measuring system shall be verified periodically in the testing machine. TH
e force transducer shall be traceable to’a national organization of metrology. The force meag

ding device in a noncomputer'system, shall be within the permissible variation from the acty
transducer’s capacity shall pe sufficient to cover the range of force measured during a test. E

orce measuring system shall be temperature compensated, not have zero drift greater tha
ale, nor have asensitivity variation greater than 0,002 % of full scale over a 1 °C change. Du
Cryogenic temperature testing, suitable thermal shielding/compensation shall be provided
uring system so it is maintained within its compensation range.

Cycle-counter

08:2012(E)

h zero force.
b % and shall
thin + 2 % of
ble [33], [34]

achining and

actical. Non-

he test article
s distribution

e calibration
uring system

be designed for tension and compression fatigue testing and possess great axial and latera| rigidity. The

e final output
al force. The
rrors greater

1 % of the difference between minimum and maximum measured test force are not acceptaple.

n 0,002 % of
ring elevated
to the force

An accurate digital device is required to count elapsed force cycles. A timer is to be used only as a verification
check on the accuracy of the counter. It is preferred that individual force cycles be counted. However, when the
crack velocity is below 10-° mm/cycle, counting in increments of 10 cycles is acceptable.

5.3

Grips and fixtures for CT specimens

Force is applied to a CT specimen through pinned joints. The choice of this specimen and gripping arrangement
necessitates tension-tension test conditions only. Figure 1 shows the clevis and mating pin assembly used at
both the top and bottom of a CT specimen to apply the force perpendicular to the machined starter notch and
crack plane. Suggested dimensions are expressed as a proportion of specimen width, W, or thickness, B, since
these dimensions can vary independently within the limits specified in Clause 6. The pin holes have a generous
clearance over the pin diameter, 0,2/ minimum, to minimize resistance to specimen and pin in-plane rotation
which has been shown to cause nonlinearity in the force versus displacement response [33]. A surface finish,

© 18O
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Ra, range of 0,8 ym to 1,6 um is suggested for grip surfaces. With this grip-and-pin arrangement, materials
with low proof strength may sustain plastic deformation at the specimen pin hole; similarly, when testing high
strength materials and/or when the clevis displacement exceeds 1,058, a stiffer force pin, i.e. a diameter
greater than 0,225/, may be required. As an alternative approach to circumvent plastic deformation, a flat
bottom clevis hole may be used along with a pin diameter equaling 0,24W. Any heat treatable steel thermally
processed to a 0,2 % proof strength of 1 000 MPa used in fabricating the clevises will usually provide adequate
strength and resistance to fretting, galling and fatigue.

In addition to the generous pin hole clearance, the mating surfaces shall be prepared to minimize friction
which could invalidate the provided K-calibration expression. The use of high viscosity lubricants and greases
has been shown to cause hysteresis in the force versus displacement response and is not recommended if
compliance measurementsarerequired:

C a
<
>
Lrl
(=}
x +0,025W D
2 I N 80,25 0
— (=]
Ra 0,2 \/‘
7 3 /
N_
— — <

1,058 01w 04w 01w

2B

+0,025W

y \ Ra °f2v/ 90,2250 0

22,18
Key
1 clevis
2 pin
NOTE Fqr high strength materials or large pin displacements, the pin may be stiffened by increasing the diaméter to

0,24 along with-ising D-shaped flat bottom holes

@  Loading rod thread.
b Through diameter.
¢ These surfaces are perpendicular and parallel as applicable to within 0,05W.

Figure 1 — Clevis and pin assembly for gripping a CT specimen

6 © 1S0 2012 — All rights reserved
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5.4 Grips and fixtures for CCT/SENT specimens

5.4.1 General

Force can be applied to CCT and SENT specimens through pinned joints and/or through frictional clamping
grips. Gripping for the CCT and SENT specimens depends on specimen width and whether the test condition is
to be tension-tension or tension-compression. The minimum CCT specimen gauge length varies with gripping
arrangement and shall provide a uniform stress distribution in the gauge length during the test.

Under certain conditions, the CCT specimen can be prone to general and localized buckling. The use of
buckling constraints is recommended.[49]

Formula (6) is applicable only for a single pinned end SENT specimen, as shown in Figure 2. The 8ENT pinned
end gpecimen (Figure 2) is appropriate for tension-tension test conditions only.

Formula (7) is applicable for a SENT specimen with clamped ends and is appropriate_for both tension and
compression force conditions. For the clamped-end SENT specimen, the grips smust be suffigiently stiff to
circumvent any rotation of the specimen ends or any lateral movement of the ¢rack plane; the| presence of
eithef condition introduces errors into the stress-intensity factor calculation [291.

Surface roughness values |n micrometres
> W/2 =23W/2 =23W/2 = W/2 BSD,SWd

Ra 04 /

Ra 0.4 /

()
U

Ra 0,4 /

T
O =

.~

b

2 x o003

NOTH 1  The machined notch is centredto within £ 0,005 (TIR®).
NOTH 2  The surfaces are pardlleand perpendicular to within + 0,002/7.
NOTHE 3  The crack lengthris-measured from the reference loading plane containing the starter V-notch.

NOTH 4  This specimends recommended for notch root tension at a force ratio R > 0 only.

D=w1/3.

ee Figure 12/ for notch detail.
eference plane.

ecommended thickness: B < 0,5/

[ 2 ]

o
= 0 0 0

PP LA 4ol £ 1
uldl ImiuieailCu TTITITIIVT VAadiutT.

Figure 2 — Standard single edge notch tension, SENT, specimen

5.4.2 Tension-tension testing of a CCT specimen

For tension-tension testing of a specimen with a width 27, less than 75 mm, as shown in Figure 3, a clevis with
single force pin is acceptable for gripping provided the specimen gauge length, defined here as the distance
between the pin hole centrelines, be at least 6/7. Shims may be helpful in circumventing fretting fatigue at the
specimen’s pin hole. Another step that can be taken to prevent crack initiation at the pin holes is the welding
or adhesive bonding of reinforcement plates or tabs to the gripping area, especially when testing very thin
materials. Cutting the test section down in width to form a “dog bone” shaped specimen design is another

© 1S0O 2012 — Al rights reserved 7
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measure that can be adopted to circumvent failure at the pin holes; here the gauge length is defined as the
uniform width section and it shall be at least 3,4/ in length.

For tension-tension testing of a specimen with a width greater than 75 mm, distributing the force across the
specimen width with multiple pin holes is recommended. A serrated grip surface at the specimen-grip interface
increases the force that can be transferred. With this force application arrangement, the gauge length between
the innermost rows of pin holes must be at least 3.

Surface roughness values in micrometres

v
X
v
w
X
v
w
X
v
X
B

A
&/
/
4

2an

2 x o0° /

NOTE 1  The machined notch is centred to within £ 0,002/7.

NOTE 2  The faces are parallel to £ 0,05 mm/mm.

NOTE 3  The two faces are not out-of-plane.moere than 0,05 mm.

NOTE 4  THe crack length is measured from the reference plane of the longitudinal centreline.
NOTE 5  THe clevis and pin loading-system is not suitable for a force ratio R < 0.

NOTE 6  Special gripping syStems may be used for a force ratio R < 0 such as shown in Figure 4.

a8  See Figure 12 for noich/detail.
b D=2w/3
¢ Referenceg plane,

Figure 3 — Standard pinned end centre cracked tension, CCT, specimen for 2/¥/ <75 mm

5.4.3 Tension-compression testing of a CCT specimen

A backlash-free gripping arrangement shall be used for tension-compression testing of the CCT specimen.
Various commercially available pneumatic and hydraulic wedge grips that provide adequate clamping force
may be used. The minimum gauge length for a clamped CCT specimen is 2,4W.

For tension-compression testing of a CCT specimen, Figure 4 presents a design that affords a simple
backlash free grip that provides improved force transfer through multiple pins plus frictional force transfer via
specimen clamp-up with the serrated gripping surfaces. The compressive condition between the pins and the
specimen’s end surfaces, induced by drawing the wedges together, affords large reverse force excursions

8 © 1S0 2012 — All rights reserved
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while circumventing elongation of the pin holes. The minimum gauge length for this specimen is 2,4/ between
the grip end surfaces and 3/ between the inner rows of pins, as stated above.

Dimensions in millimetres

B 2W
- /\J/\/
1
24
2
= 5
'I\ 9,
~ A
™R A AN
Ra S d Y
T g | o eqRo—
2 | —

o D7 3 a
20 &( R 2LW
e NC R 16w

&
3—
//
Key
1 Serrated sideplate surface
2 Qountersunk-cap screw
3 Lpck aut

NOTHA1 Made of hardened steel e g > 40 HRC
NOTE 2  Serrated side plates vary in thickness to accommodate approximately 2 mm to 3 mm, range in thickness B.

a8 Body drilled.

Figure 4 — Example of backlash free grip for a CCT specimen

5.4.4 Alignment of CCT specimen grips

The CCT specimen is sensitive to misalignment and nonsymmetrical force application, especially in tension-
compression testing where gimbaled connections are not used, which can readily lead to violation of the
through thickness crack curvature and/or symmetry validity criteria. It is recommended that bending strain

© 1S0O 2012 — All rights reserved 9
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be checked periodically with a panel specimen similar to the one being tested and instrumented with strain
gauges, as shown in Figure 5 [22], This technique can be used to minimize the bending strain. See 5.1.2.

2w

1to4 locatipns indicating faces on the specimen
5t0 8 locatipns indicating strain gauges applied to the specimen.
@  Plane A.

Figurge 5 — Strain gauge arrangement for an ihstrumented panel alignment specimen [22]

5.4.5 Bendjing strain calculation for the arrangement shown in Figure 5 [22]:
The average|axial strain, ¢, , for the flat-panel calibration specimen is calculated using:

(esfreg+e7+€g)
“ 4

where g5, g,/ s7 and sg are the measured strains.

The equivalgnt strain atthe centre of the four faces 1 to 4 is calculated using:

e1=2, - £, Es +eg) 1 2][2W 1 (2w -2d)];

€3 =£a—[£a—(£6 +s7)/2][2W/(2W—2d)] ;
er=(e5+¢€g)/2; €4 =(e7+€g)/2.

The local bending strains at the centre of each of the four faces are calculated using:

b1=81—£a X b2 =€y—&, b3 =€3—8a; b4 =E&4—€E, .

The maximum bending strain percentage in plane A can then be calculated as follows:

B%=[(b1—b3)I2+(by—by)/2]100/ &, <5%

10 © 1S0 2012 — All rights reserved
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Grips and fixtures for the SENB specimens

Tension-compression grips for the SEN B8 specimen

The eight-point bend specimen is also suited for tension-compression testing. In gripping the eight-point bend
specimen, the top and bottom tups are rigidly tied together with a line-to-line fit to the specimen’s surfaces.
Precautions shall be taken to eliminate backlash and secondary moments.

5.5.2

Tension-tension testing of SENB specimens

The general principles of the bend test fixture suitable for tension-tension testing of the SENB specimen are

illust
rotat
supp
but a
sprin

5.6

5.6.1

Accu
non-

lengt
averd

5.6.2

Therg
acqu
open
strair
requi
the u

5.6.3

In thq
micrd
and

1ated in Figure 6. The fixture is designed to minimize frictional effects by allowing the supy

and move apart slightly as force is applied to the specimen, hence permitting rolling.cont3
brt rollers are allowed limited motion along plane surfaces parallel to the notched side-of th
re initially positively positioned against stops that set the span length and are held implace b
Ds (such as rubber bands). Fixtures and rollers shall be made of high hardnessi>40 HRC) §

Crack length measurement apparatus

General

rate measurement of crack length during the test is very important. There are a number
isual apparati that can be used to determine the crack length. A brief description of a va
h measurement methods is included in Reference [26]. (fhe required crack length measurer
ge of the through-the thickness crack lengths, as covered in 9.1.

Non-visual crack length measurement

)

L

are a number of non-visual measurement techniques. Most lend themselves to aut
sition and determine the average crack length, reflecting the crack-front curvature, if it g
ng-displacement compliance [361-38]CAC and DC electric potential difference (EPD) [391-4
[36]. 421 and side face foil crack gatges [431- 431 are all acceptable techniques, provided t
Fements covered in 8.1 be met, ‘(Information on the methodology of crack length determin
se of EPD is provided in AnngxA.)

Visual crack lengthrmeasurement

past, the most comimon visual crack length measurement technique used a micrometer thr:
scope with lowmagnification (x20 to x50). This technique measures the surface crack length d
hay need tobelCorrected to the actual through-thickness crack size upon test completion, as ¢

ort rollers to
ct. Thus, the
e specimen,
y low-tension
teel [23].

bf visual and
iety of crack
hents are the

bmated data
xists. Crack-
11, back face
ne resolution
htion through

pad travelling
uring the test
pvered in 9.1.
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Dimensions in millimetres
Surface roughness values in micrometres

@0 = W/8

c ~ 208

" / 3 158
Ra 0,4
A \VA
E]
W/2k o0 < W
208
158
Key
1 test specimen
2 loading rod
3 test fixturd
4 support rdllers
NOTE Sypport rollers and 'specimen contact surface of loading rod should be parallel to each other to + 0,002 (TIR).

@  Bosses for springs @f rubber bands.
b 0,6x suppprt rollefdiameter.
¢ 1,x support roller diameter.

Figure 6 — Fixture for tension-tension forcing of a SEN B3 specimen

6 Specimens

6.1 General

Proportional dimensions of six standard specimens: a compact tension (CT); a centre cracked tension (CCT)
and three-, four- and eight-point single edge notch bends [(SEN B3), (SEN B4) and (SEN B8)]; and single
edge notch tension (SENT) are presented in Figures 7, 3, 8, 9, 10 and 2, respectively. A variety of specimen
configurations is presented to accommodate the component geometry available and test environment and/or
force application conditions during a test. Machining tolerances and surface finishes are also given in Figures 7
to 10. The CT, SEN B3 and SEN B4 specimens are recommended for tension-tension test conditions only.

12 © 1S0 2012 — All rights reserved
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The specimen shall have the same metallurgical structure as the material for which the crack growth rate is
being determined. The test specimen shall be in the fully machined condition and in the final heat-treated state
that the material will see in service.

Surface roughness values in micrometres
1,25W +0,01W

a

W 0005 N

B¢ +0,05W
2 x ¢ 025W 0
\

0,275W] 0,005 W

0.6 W_20.005

Ra 0,4
b
Ra 04 /

/Ra 0,4

0,1W<a,<0,15

a, 1202w

NOTH 1 The machined notch is centred to within + 0,005W.
NOTH 2  The surfaces are perpendicular and.parallel to within + 0,002 (TIR).
NOTH 3  The crack length is measured fronrthe reference plane of the loading pin holes centerline.

NOTH 4  This specimen is recommended for notch root tension at a force ratio R > 0 only.

a2 Reference plane.

b See Figure 12 for notch détail:

¢ Recommended thickness: W /20 < B< W/ 2.

d  The suggested minimum dimensions are W = 25 mm and ap=0,2W.

Figure 7 3>~ Standard compact tension, CT, specimen for fatigue crack growth rate testing

© 1S0O 2012 — All rights reserved 13
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NOTE 1 The machined notch is centre to within = 0,005% (TIR).
NOTE 2  THe surfaces are parallel and perpendicular to within + 0,002/
NOTE 3  The crack length is measured from the reference loading plane cantaining the starter V-notch.

NOTE 4  This specimen is recommended for notch root tension at a forge ratio R > 0 only.

a
b

C

14

Surface roughness values in micrometres

L2W £0,01W
3x ¢p¢
B C
Ra 0,4 /
D
x IS
pos
( ) /s 0 () b
a
N
2W £0,01W 2W £0,01W

See Figurg 12 for notch detail.
Referenceg plane.

Recommeénded thickness: 0,2W < B < W.
D > WI8.

Figure 8 — Standard three-point'single edge notch bend, SEN B3, specimen
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Surface roughness values in micrometres

L2W £0,01W
W £0,01W 2W 0,01 W 0,01
B C

Ra 04 /

Lox 8D 5 : | /%M C) \b

NOTH 1 The machined notch is centred to within £ 0,005/

NOTE 2  The surfaces are parallel and perpendicular to within + 0,002 (TIR).
NOTE 3  The crack length is measured from the reference loading plane.containing the starter V-notch.

NOTH 4  This specimen is recommended for notch root tension at aforce ratio R > 0 only.

a8  Skee Figure 12 for notch detail.

b Reference plane.

¢ Recommended thickness: 0,2/ < B < W.
d  p>ws.

Figure 9 — Standard four-point single-edge-notch bend, SEN B4, specimen

© 1S0O 2012 — Al rights reserved 15
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Surface roughness values in micrometres
L2W +0,01W

W £0,01W

D) (

2W 0,01

) i C

W +0,01W

D) (

)

8 x @[

NOTE1  TH

NOTE2  TH

NOTE3  TH

NOTE4 Sy

See Figur
Reference
Recomme
D > WI8.

a
b

Cc

6.2 Crack

The crack pl
The letter(s)
following the
always deno
and the lettel
characteristi

crack plane @nd/or_éxpected direction of crack extension.

NOTE Fd

Ra 04 /

|
/Ra 0.4 .\
a

e machined notch is centred to within + 0,005W.

e surfaces are parallel and perpendicular to within + 0,002/ (TIR).
e crack length is measured from the reference loading plane containing the starter V-notch.
ecimen suitable for R < 0, provided backlash and secondary mopent loading by grips be avoided.

e 12 for notch detail.
plane.
nded thickness: 0,2 < B < W.

Figure 10 — Standard eight-point.single edge notch bend, SEN B8, specimen

plane orientation

Ane orientation, as related to the characteristic direction of the product, is identified in Figuf
preceding the hyphen represent(s) the force direction normal to the crack plane; the le
hyphen represeftithe expected direction of crack extension. For wrought metals, the lefter X
es the direction.of principal processing deformation, Y denotes the direction of least deformjation
Z is the third,0rthogonal direction. If the specimen orientation does not coincide with the product’s
c direction, then two letters are used before and/or after the hyphen to identify the normal fo the

rcectangular sections of wrought metals, a commonly used alternative designation system uses the| letter

L to denote tf

least

deformation, and S for the third orthogonal direction.

16
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b) Non-basic identification

Z X

A Loy

N A<

c) Radial grain flow, axial working direction

© 1S0O 2012 — Al rights reserved 17
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a  Grain flow.

2012(E)

Y\\f// 4
Z-Y

d) Axial grain flow, radial working direction

Figure 11 — Fracture plane orientation identification

6.3 Startlr notch precracking details

The envelop
are presente

The maching
K-calibration
at least 0,2
crack length

The starter n
broaching of
typically less|

is acceptablg.

and various acceptable machined notch configurations and precracking details for the specimens
d in Figure 12.

d notches in the SENB and CCT specimens are determined by practical machining limitationp; the
does not have a notch size limitation. However, a CCT specimen’s minimum notch length, 2jup, of
is required when using the compliance method for crack length determination to ensure acgurate
measurements.

otch for the standard specimens may be made via electrical discharge machining (EDM), milling,
saw cutting. To fakeilitate precracking, the notch root radius should be as small as pragtical,
than 0,2 mm. For-aluminium, saw cutting the final 0,5 mm starter notch depth with a jeweler's saw

18
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dfat

: < R02"

N
) s

: < R02°

NOTE 1 Crack length is measured from reference plane.

NOTH 2 Notch height, #, should be minimized.

NOTH 3 A hole of radius r < 0,05/ is allowed for €ase of machining the notch in a CCT specimen.

a2  Reference plane.
b Root radius.

Maximum notch height

CCT

wi16 for W > 25

ap = an+1 mm, or

ap > an + 0,1B, whiche
greater.

ap > 0,2 for CT only

Specimen type Notechlength Minimum precragk length
an h ap
CT OAW < an <0,15W <1 mm for W<25 ap > an+ h, or

ver is

Figure 12 — Notch detail and minimum fatigue precracking requirements

© 1SO 2012 — All rights reserved
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6.4 Stress-intensity factor

6.4.1 General
The stress-intensity factor for all standard specimen configurations is calculated using the following relationship:

K= a) (1)

The stress-intensity factor geometry function, g(a / W), for each standard specimen configuration is calculated
using the following expressions.

6.4.2 Compact tension, CT, specimen

(P+)(0,886 + 4,640 — 13,3202 + 14,720 - 5,60.%)

a
g(w) =
where a =al W ; the expression is valid for 0,2<a/W <1,0. See Figure 7.

6.4.3 Centfe cracked tension, CCT, specimen
For the centrp cracked tension specimen, CCT, the stress-intensity factor géometry function is given by [241-[261:

oLy =(1-9)"2(0,707 1-0,007 262 +0,007 06%) 3)
w COs 0

where 6 = ng / 2 radians; the expression is valid for 0 < a.=\2a / 2W < 1,00. Here, it is recommended that

the crack length, a, be the average of the four measurements from the centreline reference plane to the prack
tips on both the front and back surfaces. See Figure 3.

6.4.4 Single edge notch three-point bend, SEN-B3, specimen

60,12
[(1+ 20)(1- )

g(%) = 72 [1,99 — a(1—0)(2,15 - 3,930 + 2, 7:2)] 4)

where a =al W ; the expression is(valid for 0 <« <1,0. See Figure 8.

6.4.5 Single edge notch four-point bend, SEN B4, specimen

For the four-point bend Specimen, SEN B4, with the distance between external supports minus the disfance
between intefnal supperts equaling 2/, the stress-intensity factor geometry function is given by [101:

()= tane)uz[0,923+0,199(1—sin0)4—‘
£ w

where 6 = na / 2 radians; the expression is valid for 0<a/W <1,0. See Figure 9.

For the four-point bend specimen, where the difference between the major and minor span does not equal 2/,
the value for g(1/W)is proportional to the ratio of the major span minus the minor span divided by 2%,

o major span — minor span
' 2w
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6.4.6 Single edge notch eight-point bend, SEN B8, specimen

For the eight-point bend specimen, SEN B8, with the distance between external supports minus the distance
between internal supports equaling 2/, the stress-intensity factor geometry function is given by [10]:

0,923 +0,199(1-sing)*
cosé

a 1/2
—)=3(2 tan6
8(;,;)=3(2 tano)

where 6 =ra / 2W radians; the expression is valid for 0 <a /W <1,0. See Figure 10.

For the eight-point bend specimen, where the difference between the major and minor span does not equal 2%,

the vatueforgt{a/# s proportiomattothe Tatio of the major sparrminusthe mimor spam divided by 2.

. major span — minor span
' 2w

6.4.7| Single edge notch tension, SENT, specimen

For the single edge notch pinned end tension specimen, SENT, the stress-intensity factor geometry function
is given by [101:

N3
[%j:m{wsm2,02a+o,37(1—sme) )

[0}

cos 0

wherg 6 =wa / 2W ; the expression is valid for 0 <a /W <1,05See Figure 2.

For the single edge notch clamped-end tension specimen; with the clear span between the grips|equaling 4%,
the sjress-intensity factor geometry function is given gy [28l:

[0}

[%j: (1-a)™3/2 [1,987 80."'% 2,972 60:3% + 6,950 30:°'? ~ 14,447 607/ -

110,054 80:%'% + 3,404 7012 - 8,714 30:1%'% + 3,741 702 ]

where o =a/W ; the expressieniis valid for 0<a /W <0,95. See Figure 2.

Stregs-intensity factor functiohs, for clamped-end SENT specimens with spans between the grips other than
4, gre available [29]-[31}

6.5 | Specimen size

6.5.1| General

For thé-test results to be valid, it is required that the specimen remain predominantly in a linear-glastic stress
condition throughout the test. The specimen width, 7, and thickness, B, may be varied independently within the
limits covered in 6.6. The smallest specimen to meet these criteria, based on experimental results, varies with
each specimen configuration [32],

The minimum uncracked ligament that circumvents large scale yielding varies with specimen configuration and
is a function of the material’s 0,2 % proof strength.

6.5.2 CT specimen minimum uncracked ligament

For the CT specimens the minimum uncracked ligament for producing valid data are given by:

2
4\ K
W—a)z|— | =0 8
(W —a) (“)[Rpo,zj 8)
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6.5.3 CCT specimen minimum uncracked ligament

For the CCT specimen, the minimum size of the uncracked ligament, based upon large scale net section
yielding of the material, is given by:

(W—Za)

1,25F o
BRyg

=

6.5.4 SENB specimen minimum uncracked ligament

For all of the

bend SENB specimens, the minimum size of the uncracked ligament is given by:

(9)

W —a)>

This criterior]
external sup
nonstandard
minus the dis

6.5.5 SENT

The minimun
tensile stresq

W —-a)>

This criterion

For a bendin
6.6 Speci

6.6.1

Specimen th

3AF ax
2BRp0,2

)

is based upon large scale net section yielding of the material and A = 4, the'distance bet

borts for a three-point bend specimen; A =2 for a four and eight-point bénd specimen o
four or eight-point bend specimen is used, A equals the distance betwgen external sup
tance between internal supports.

specimen minimum uncracked ligament

N size of the uncracked ligament for the SENT specimen depends on the gripping technique
, €.9. the ends embedded in hydraulic wedge grips, the minimum uncracked ligament is givg

1,25 F ax
BRpyo 2

is based upon large scale net section yielding of the material.

) stress, e.g. clevis and pinned end gripsi-the minimum uncracked ligament is given by Formu

men thickness

Genelral

ickness, B, may be waried independent of specimen width, 1, for the specimen configura

within the linpits for buckling and\through-thickness crack-front curvature considerations. It is recommg

that the sele

Cted specimen thickness be similar to that of the product under study.

6.6.2 CT specimen

For a CT sps
up to Wi2is

cimeny it is recommended that the thickness, B, be within the range /20 < B < W/4. A thick
permitted. For a specimen, this thick, a through-thickness crack-front curvature correction Ig

(10)

ween
r, if a
ports

fora
n by:

(1)

a (8).

lions,
nded

ness
ngth,

dcor, May of
straightness

e be Tequired; atso;, difficulties may be—encountered—im meetmg—the—through=thickness
requirements covered in 9.1.

6.6.3 CCT specimen

crack

For the CCT specimen, it is recommended that the upper limit for thickness be within the range 2W/8 < B < 2W/4.
The minimum thickness for circumventing out-of-plane deflection or buckling in the CCT specimen is dependent
on the test material’s elastic modulus, E, gauge length, gripping, grip alignment and force ratio, R.

6.6.4 SENB specimen

For the single edge notch bend specimen, it is recommended that the thickness be within the range

0,2W<B<W.

22
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6.6.5 SENT specimen

For the single edge notch tension specimen, the maximum recommended thickness equals 0,5W.

6.7 Residual stresses

Residual stresses in a material that has not been stress relieved can influence the crack propagation rate
considerably [12]. [13]. This influence can be minimized by choosing a symmetrical specimen configuration like
the standard CCT specimen and reducing the B/ ratio to minimize crack-front curvature caused by variation

in residual stresses through the thickness [131.

7

71

The
K-cal
crack

One
pract]

Procedure

Fatigue precracking

burpose of precracking is to provide a straight and sharp fatigue crack of, Sufficient lengt
bration expression is no longer influenced by the machined starter notch, and'that the subse
growth rate is not influenced by a changing crack front shape or precracking force history.

bractice is to initiate the fatigue crack at the lowest possible maximumstress-intensity factor
cal. If the test material’s critical stress-intensity factor, which will.cause fracture, is approxin

then
withi

he initial Kmax for precracking can range from 30 % to 60 % ef'that value. If crack initiation d{
a block 30 000 to 50 000 load cycles, then Kmax can be increased by 10 % and the block ¢

repegted. The final Kmax for precracking shall not exceed the initial Kmax for which test data are to i

Freq
In thi
precr
itisr
given

>

wher:

ently, a stress-intensity factor, greater than the Kmaxused in the test, needs to be used for cr|

5 case, the maximum force shall be stepped down, to meet the above criteria. When manua
acking, the recommended stress-intensity factéfdrop for each step is less than 10 % of Kma
ecommended that between each stress-intensity factor reduction, the crack extend by at le
in Formula (12) [18:

2
3| Kmax(j-1)
Rpo.2

T
e Kmax( j-1) is the maximym,términal stress-intensity factor of the previous step.

Wheip test data are to be generated for a high force ratio, it may be more convenient to precrack at

and f

prce ratio than thezinitial test conditions.

The precracking apparatus shall apply the force symmetrical to the specimen’s notch and accurg

the n
2W. A

aximum fereeto within 5 %. A centre cracked panel shall also be symmetrically stressed acrg
ny frequency that accommodates maintaining the force accuracy specified in 5.1 is acceptg

h so that the
guent fatigue

Kmax, that is
ately known,
bes not occur
f load cycles
e generated.

ack initiation.
ly controlling
. In addition,
ast the value

a lower Kmax

tely maintain
ss the width,
ble.

2.

The Trecrack shall meet the symmetry and out-of-plane cracking requirements as described in 7

7.2

Crack length measurement

The requirements for measurement accuracy, frequency and validity are covered in Clauses 8 and 9 for the
various specimen configurations and test procedures that follow. When surface measurements are used to
determine the crack length, it is recommended that both the front and back surface traces be measured. If the
front to back crack length measurements vary by more than 0,258 and, for a CCT specimen, if the side-to-side
symmetry of the two crack lengths vary in length by more than 0,025/ then the precrack is not suitable and test
data would be invalid under this test method. In addition, if the precrack departs from the plane of symmetry
beyond the corridor, defined by planes 0,05/ on either side of the specimen’s plane of symmetry containing
the notch root(s), the data would be invalid. See Figure 13.

© 1S0O 2012 — All rights reserved 23


https://standardsiso.com/api/?name=d5afcad1b85c700ee17117f8b1103f2d

ISO 12108:2012(E)

dfat

0,05W

0,05W

2  Referenceg plane.
b Machined|notch, an.

Figure 13 — Out-of-plane-cracking validity corridor

7.3 Constant-force-amplitude, K-increasing, test procedure for da/dN > 10-%> mm/cycle

This procedyre is appropriate for generating fatigue crack growth rate data above 10~° mm/cycle. After stepping
the maximum precracking force down_to be equal or less than that corresponding to the lowest Kmax in the
range over which fatigue crack growth.rate data will be generated, it is preferred that the force range bq held
constant as |s the stress ratio and._frequency. The maximum stress-intensity factor will increase with prack
extension arld should be allowed-to increase to equal or exceed the greatest Kmax in the range over hich
data will be generated. Severalsuggestions, aimed at minimizing transient effects while using this K-increpsing
procedure, follow. If test variables are to be changed, Kmax shall be increased rather than decreased in prder
to preclude the retardation effects attributable to the previous force history. Transient effects can also pccur
following a dhange_in Kmin or the stress ratio. An increase of 10 % or less in Kmax and/or Kmin will ugually
minimize the|transient effect reflected in the fatigue crack growth rate. Following a change in force condifions,
sufficient crdck exten3|on shall be allowed to occur in order to re- establlsh a steady-state crack growth rate
before the ehst C : k ehsion
required is dependent on many varlables e. g percentage of force change the test matenal and heat treatment
condition. When environmental effects are present, the amount of crack extension required to re-establish the
steady-state growth rate may increase beyond that required in a benign environment.

Test interruptions shall be kept to a minimum. If the test is interrupted, a change in growth rate may occur upon
resumption of cycling. The test data immediately following the interruption shall be considered invalid if there
is a significant demarcation in the crack velocity from the steady-state growth rate immediately preceding the
suspension of cycling. The sphere of influence of the transient effect may increase with the steady-state force
applied to the specimen during the suspension of dynamic force cycling.
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K-decreasing procedure for da/dN < 103 mml/cycle

This K-decreasing procedure may result in different crack growth rates dependent on the test K-gradient, C. It
is the user’s responsibility to verify that the crack growth rates are not sensitive to the test K-gradient, C.

Testing starts at a Kmax or stress-intensity factor range, AK, equal to or greater than that used for the final crack
extension while precracking. Following crack extension, the stress-intensity factor range is stepped down, or
continuously shed, at a constant rate until test data have been recorded for the lowest stress-intensity factor
range or fatigue crack growth rate of interest. The rate of force shedding with increasing crack size shall be

small

The

enough to prevent anomalous data resulting from the reduction in stress-intensity factor.

-decreasing test may be controlled by a stepped stress-intensity factor following a se

lected crack

extern
of cr
shed
K-gre
spec

This

The
integ

A

wher:

4

4

The
test.

Whe
of the
inten

sion at a constant AF, as shown in Figure 14. Alternately, the stress-intensity factor gradient g
hck extension may be held constant, 1/da (dK/K) = constant, called continuous stress=in
Hing, by using a computer-automated test control procedure [4€l; the constant, C, is dalled th
dient. Typically, C > —0,1 mm~'. However, research has shown that this value.may be r
men-geometry dependent [471.[48],

value usually provides a gradual enough force shed to preclude a trapsient in the crack
elationship between K and crack length for a constant-C test can beCrewritten for conve
rated form as:

CAay
— (-1
Ki(j) = AKij—ne

a)
-

\K () and AKi(j—l) are the initial stress-intensity factor range at step j and j—1, respecti

btress ratio, R, and the normalized™K~gradient, C, should be kept constant throughout the |
t is recommended that K-decreasing be followed by K-increasing test procedure, as covere

N using the stress-intensity(factor stepped drop procedure, the reduction of Knax shall not
previous maximum stress?!intensity factor and a minimum crack extension Az > 0,50 mm g
5ity step is recommended.

Naj_q) = [a(j) _a(j—1)] is the crack extension at the preceding constant force range AF(_q)-

er increment
ensity factor
e normalized
naterial- and

growth rate.
nience in the

(13)

vely;

K-decreasing
d in 7.3.

exceed 10 %
t each stress

© 18O

2012 — All rights reserved

25


https://standardsiso.com/api/?name=d5afcad1b85c700ee17117f8b1103f2d

ISO 12108:2012(E)

ess intensity factor range, AK

Eaorce range AE _orst

d
dAK

\\/ | -
<

S~

Crack length, a

a  AK nomingl.
b AK actual

¢ Slope apgroximately nominal atpoint A.

ad
d  AF actual

€ AF nomingl.

Figure/14'— Typical K-decreasing test by stepped force reduction method

When using @& continuous stress intensity shedding procedure, the above requirement is inoperative. It is
to keep the 1 i - i -
factor shedding is defined by the drop in initial stress-intensity factor range, AK; (), with each step, j, which may
not exceed 2 % of the preceding initial stress-intensity factor range, corresponding to:

AKi/ -y —AK:,
[ ) '(f)} <0,02 (14)
AKi(j)

For example, if the common value C = -0,1 mm~" is used, along with the maximum 2 % drop in each initial
stress intensity range, then the exponent C = Aa(;-1) and the crack extension for each constant force range
equals Aq(j-1)= 0,2 mm:

AKig) _ g Chag

(15)
AKi(j-1)
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8 Crack length measurement

8.1

Resolution

The fatigue crack length measurements made as a function of elapsed force cycles may be made by techniques
outlined in 5.6. The resolution for crack length should be equal to or better than 0,002/7.

Whe
pland
that g
symn
for a
grow
lengt

netry requirements specified in 8.5 are met. The average of the surface crack length measu
CT, SENT and SENB specimens, and four for the CCT specimen, shall be used'in calculat
h rate and stress-intensity factor range. If crack length is not measured on_both faces fo
h measurement, then the interval between both front and back face meastrements shall be

h making visual crack length measurements, it is recommended that the surface in the areg
be polished and indirect lighting be used to enhance the visibility of the crack tip. It is highly re
rack length measurements be made on both the front and back faces of the specimenf to-ensure that crack

of the crack
commended

rements, two
ng the crack
every crack
reported. Itis

good|practice to make regular comparisons between visual and non-visual measurement methods.

8.2 |Interruption

Susp
shall
Test i

ension of force cycling while making crack length measurements, although permitted, is disq
be avoided when possible. The duration and frequency of\any interruptions should be kept t
nterruption for making visual crack length measuremenis'can be avoided by using strobe ligh

ouraged and
b a minimum.
Lillumination.

8.3 | Static force

A\ static force
Ftemperature
|l the applied

A stdtic force may be maintained to enhance the resolution of the crack length measurements.
equa| to or less than the fatigue mean forcevis usually acceptable. In corrosive or elevated
envirpbnments, the mean force may introduce transient creep or blunting effects. In no case sha
statid force exceed the maximum fatigug force. See 7.3.

8.4 | Measurement interval

Crac
interd

length measurement,shall be made so that da/dN data are uniformly distributed over the ra
st. The following me&asurement intervals are recommended to provide a uniform data distrif

nge of AK of
ution:

f

or the CT and SENB specimens,
Aa £0,04W for 0,25<a/W <0,40
Aa.£.0,02W for 0,40 <a /W < 0,60

Aa < 0,0 fora /W 20,60;

and for the CCT specimen,
Aa £0,03W for 2a/2W <0,60
Aa £0,02W for 2a/2W > 0,60.

However, a minimum Aa of 0,25 mm is recommended. The above limits may need to be reduced in order to
obtain multiple crack length measurements in the near threshold region. The minimum crack measurement
interval in all cases must exceed 10 times the crack length measurement precision. Here, precision is defined
as the standard deviation from the mean value crack length determined for a set of repeat measurements.
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8.5 Symmetry

As in 7.2, for any crack length measurement, the data are invalid if
a) for a given crack front, the front and back crack length measurements differ by more than 0,258, and
b) for a CCT specimen, the symmetry of the two crack fronts differs by more than 0,05/ In this case, the

crack is

not suitable and the data are invalid by this test method.

When using a nonvisual method for crack length measurement, the crack length should be visually checked for
symmetry at the test start and finish, and at least three additional, evenly spaced, intermediate measurements
are recommended.

8.6 Out-o

If the crack
ensuing datg
requirement

8.7 Crack

Crack front g
since it is nof
is present, it

f-plane cracking

eviates from the theoretical crack plane by more than the 0,05/ corridor, as covered in 7.1
are invalid. See Figure 13. Large-grained or single-crystal materials can comimjonly violat
for out-of-plane cracking.

tip bifurcation

plitting or branching can be a source of variability in the measurgd fatigue crack growth rate
compensated for in the stress-intensity factor calculation. When)crack tip branching or bifurg
shall be noted in the final report.

9 Calcul

9.1

tions

Crack-front curvature

After completion of the test, the fracture faces shall be*examined for through-thickness crack-front curvat
a crack contgur is visible, calculate an average through-thickness crack length using either three or five-g
equally spaded across the specimen. The difference between the average through-thickness crack |

P, the
B this

data
ation

ure. If
oints
ength

and the corrésponding crack length recorded during the test is the crack curvature correction length, dcor. It
is desirable o make the crack curvature eerrection calculation at more than one location on the fracturg face
where the fafigue crack front is clearly.‘marked. If the crack curvature correction results in a more than 5 %
difference in|the calculated stress-intensity factor at any location, then this correction must be included when
analysing the recorded test data,and the effective crack length becomes:

a=ay+det +acer (16)
When the magnitude ofthe crack curvature correction varies with crack length, a linear interpolation is uged to
determine thge correetion for the intermediate data.
9.2 Determining the fatigue crack growth rate
9.21 General

The fatigue crack growth rate is determined from the test record data pairs of crack length and corresponding
elapsed force cycles. Two common methods used for calculating the crack growth rate, the secant method and
incremental polynomial method, are suggested here. Other mathematical techniques for calculating the crack
growth rate are possible; the procedure used in calculating the growth rate shall be specified in the test report.
The observed scatter in the fatigue crack growth rate data are influenced by the method of data reduction.
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Secant method

Calculating the crack growth rate via the secant method entails computing the slope of a straight line connecting
two adjacent data pairs of crack length and elapsed cycle count and represents an average velocity:

da(j)avg _ (aj _aj—'l)

for th

e incremental crack extension, a; —a ;

jar

(17)

The stress-intensity factorrange is calculated using the average crack length over the increment of crack extension:

S

9.2.3

Do = (a;+aj_q)
J)avg 2
Incremental polynomial method

Calctilating the crack growth rate by the incremental polynomial method (K-increasing only) re

a pol
segm
The

for a

ynomial to a segment of the data pairs: crack length, aj, as a function ef elapsed cycles,
ent consists of an odd number of elements (3, 5 or 7), which are consecutive a; versus |
yrowth rate equals the slope of the polynomial, da/dNj, for the datd segment’s centremost
data segment consisting of seven data pairs, the slope would{be calculated as the der

fourth element. The stress-intensity factor range associated withthe-data segment is determined

fitted
elem
used

9.3

The

da/d)
equa
facto
minin
10-8
techn
at a fi

crack length of the centremost element of the data segmeént. For a data segment consistin
bnts, the fitted crack length corresponding to the seconidythird or fourth element, respectivi
in determining the stress-intensity factor range for thé’data segment.

Determination of the fatigue crack growth threshold

rack growth threshold, AKin, generally refers to the asymptotic value of AK for which the ¢
/ approaches zero. It is commonly defined as being the value of AK corresponding to a crac

 range shall be reported. A commonh way to determine the threshold is to use a straight li
hum of five, approximately equally spaced, log da/dN versus log AK data pairs between 107 1
mml/cycle; here, log AK is the,dependent variable of the best fir straight line. Using this line
ique, the value of AK is defined by this test method, as the threshold stress-intensity factor
htigue crack growth ratéjequal to 10-8 mm/cycle.

In the case where data-are generated within different fatigue crack growth rate ranges, the abo

may

10 1

be used with the lowest decade of the da/dN test data.

‘est repott

(18)

quires fitting
Nj. The data
V; data pairs.
blement, e.g.
vative at the
by using the
gof3,50r7
bly, would be

brresponding
K growth rate

to 10-8 mm/cycle [251148], The fatigue-crack growth rate corresponding to the threshold stfess-intensity

he fitted to a
hm/cycle and
br regression
range, AKih,

e procedure

10.1

General

The test report shall include a reference to this International Standard, i.e. ISO 12108, and the test date(s), plus
the following information.

10.2
All re
a)
b)
c)

t

© 18O

Material

levant available material details shall be reported, including the following:

standard alloy designation;

hermal/mechanical conditioning;

product form;
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d)
e)
f)
9)
h)

chemical composition, if available;

heat and lot number, if available;

0,2 % proof stress used to evaluate specimen size criteria;

ultimate

tensile strength;

modulus of elasticity (required when compliance crack length measurements are used).

10.3 Test specimen

The following

a)

b)

specime

information regarding the test specimen shall be reported:

n configuration;

crack plane orientation (see Figure 11);

specime

width, W;

thicknes
notch hd
stress-in

specimg
Internat

n location;

S, B;

ight, 4;

tensity factor expression as a function of crack length and force;

n drawing and the reference source for speecimen configurations not included
onal Standard.

10.4 Precracking terminal values

The following

a)
b)

c)

elapsed
final cra
final cra
final strd

final ma

information shall be reported:
cycles at final stress intensity range;
ck extension;
Lk length, ap;
ss-intensity factorrange;

Kimum stress<intensity factor;

force ra

cyclic w

precrackt

io;

veform;

environmental conditions (temperature, humidity, etc.);

crack symmetry and out-of-plane cracking checks.

10.5 Test conditions

All of the test variables, including the following, shall be reported:

a)
b)

c)

30

testing machine force capacity;

measurement cell force range;

initial stress-intensity factor range, AK;;

this

© 1SO 2012 — All rights reserved
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force ratio;
forcing frequency;

cyclic waveform;

g) test procedure used (K-increasing or K-decreasing);

h) test environment;

i) testtemperature;

|abaratarvralativia hiimidity-
|gE+atot Y-Ferathe-RuHHaHYS

¢rack curvature correction, acor;

[) K-gradient, if the K-decreasing procedure is used;

method of crack length measurement.

10.6| Test analysis

Infor

a)

b)

c)

g)

I‘xation that describes the analysis methodologies used shall be repofted, and at a minimum sH

nalysis method for converting the crack length, a, and elapsed.force cycles, N, data to crac
da/dN, i.e. the secant method, incremental polynomial method, etc.;

definition of AK for negative force ratio (R < 0) conditions,"i.e. full-range or truncated;

flemaining ligament size criteria used to ensure predominant elastic loading in a non-standard t
¢onfiguration;

port AKi, and the lowest decade of near threShold crack growth rate data used in its determination
xceptions to this test method;
nomalies that could affect test results, e.g. test interruptions or changing the loading variab|

igentification of invalid data points to include both precracking and test data (i.e. symmetry, crag

10.7| Presentation of results

The

fesults of the fatigue crack growth test shall be tabulated including asat, @, N, AK and da/dN,

in Figure 15. Figure~15 can be expanded, as necessary, to include all measured crack lengths
cond(tions. See-Figure 17.

In addition;>the results shall also be presented in a log-log plot with log(AK) plotted on the 3
log(di/dN).on the ordinate. For optimum data comparison, it is recommended that the size of the

be t

ould include:

Kk growth rate

bst specimen

,ifapplicable;

es;

k plane, etc.).

Bs presented
5 and forcing

bscissa and
0g(AK) cycle

 plot and the

table, data violating the validity criteria shall be clearly identified. An example of the presentation of fatigue
crack growth data are shown in Figures 17 and 18. When a negative force ratio (R < 0) is used, the method of
calculating the stress-intensity factor range, AK = (1 — R) Kmax or AK = Kmax, shall be clearly identified on both
the table and optional figure; also see 3.11 stress-intensity factor range, AK.
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FATIGUE CRACK GROWTH TEST RESULTS [REFERENCE ISO/TC 164/SC 5/WG 6]

............................... Specimen I.LD. Mark...........cccoooeininnnnn. Page 1

Thermal/mechanical CONAItIONING. .. ... ... e e ettt e e enees
(07 o T=TaqToz= 1ot 0 4] o o 1= ) o o 1P

MECHANICAL PROPERTIES AT TEST TEMPERATURE

Ultim

te tensile efrnngfh MPa Q2 % Proof

strength.........oo MPa

Modu

SPEQIMEN

Dime

sions: Thickness, B............. mm Width, W............. mm Machined notch length,

CracH plane orientation...................... Notch, A.............. mm Specimen

locati
Stres:

PRECGRACK TERMINAL VALUES

Final
Final

Final
Final

Crack extension, Ad............c.coeenn... mm  Preceding Kmax (/=1)- - vae e e MPa-m"?

crack length, ap......ooooe MM FOrce ratio. ... ..o e e,
Kimax (1)« eeeeeeeeeieeecee MPa'm"  Final load CYCIES. ...
AK (1) MPa-m'? Cyclic waveform s

TEST|CONDITIONS

Test machine capacity............ccoooeveviiiiinn Environment..........ooiiii
Force|transducerrange..............cccooeeiiinanns Temperature...........coooiiiiiiii °C
Measpirement interval of a, Aa.................. mm  Reélative humidity............ooo %
Forcelfrequency.........cocvevviiiiiiiiiincins HZ~NEOTCE ratio. ...
Test procedure..............coooiiiiiiid K-gradient.............o m™’
CracK correction............coovveiiniininne el mm  Cyclicwaveform............oooiiii
INAHAK e, MPa m"  Initial fOrce range...........eeeueeeeeeeeeeee oo kN
Crack measurement MethOd. ... . o7 e
TEST|ANALYSIS

Threshold stress-intensity factor raNge, AKin.........c..ooooiueeiie e MPa*m'2
Threshold crack grawth rate decade. .......... ... mm/cycle
ANALYBIS METNOu, ). e e e e
Remgining Size.Criteria Refi. ... ... e
EXCHPTIONS, ANOMALIES AND COMMENTS

Figure 15 — Test report
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Page Lof .
MATERIAL:.....ccoviiiaiiian. SPECIMEN I.D.oe v DATE e
Measurement afat N a a(javg. g(a/W) AK da/dN
number (mm) (cycles) (mm) (mm) (MPa\/m) (mm/cycle)
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o
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o
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da/dN (mm/cycle)

107"

1072

Specimen |.D.

Material

Environment

Temperature

°C

R =

Specimen type
Freq =

Hz

107

1—6

-

W =

B=

mm
mm

100
oo

AK (MPa-m”)

Figure 16 — Example axis for plotting log (da/dN) versus log (AK) test data
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